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Abstract— The main purpose of the study was to model and map the dispersion of Sulfur dioxide (SO2) concentrations from 
transport activities in Padang City. The sampling of SO2 was carried out for 1 hour at 25 monitoring sites. The samples of SO2 were 
then analyzed with Pararosanilin methods using a spectrophotometer. SO2 concentration samples were analyzed to develop a 
statistical model. Statistical models are developed based on traffic volume, traffic density, traffic speed, and wind speed. Validation 
was carried out to determine whether the model is valid or not statistically. Then, the model used to determine the concentrations of 
SO2 at 40 monitoring points for traffic characteristics measurements. SO2 concentration modeled ranges from 31.42 to 301.17 
g/m3. SO2 concentration model showed a very strong correlation to the volume of traffic (r = 0.822); strong against the traffic 
density (r = 0.7820); strong against the traffic speeds (r = 0.6939); and weak against wind speed (r = 0.3271). The validation test 
confirmed that SO2 regression model does not have a significant difference between the model and the measurement results. This 
means that the model is statistically valid and can be used to predict SO2 concentration. SO2 gas dispersion mapping shows the 
concentration of SO2 ranges from 25-300 µg/Nm3. The highest concentration of SO2 at 40 monitoring points found located on 
Khatib Sulaiman Road and Sudirman Road. SO2 concentration value indicated that air quality in Padang City is still below the 
national air quality standard value (900 µg / Nm3). 
 




Padang is the capital city of West Sumatera Province with 
high growth, migration, and urbanization rate. Padang city 
has rapid economic development that is followed by the 
increase of the population and vehicle numbers. Based on 
the data of “Padang in Figures 2015,” there was a rapid 
increase in the number of motor vehicles from 392.967 units 
in 2013 to 427.235 units in 2014 [1]. Transportation activity 
produced exhaust gas caused by fossil fuel burning; one of 
them is Sulfur dioxide (SO2). SO2 resulted from this activity 
contributes to urban air pollution [2]. Air pollution in this 
urban area due to SO2 will be higher than air pollution in 
rural areas [3]. The main consequence of SO2 gas 
contamination to humans is respiratory system irritation [4]. 
According to [5], 0.75 ppm SO2
 
can cause a respiratory 
effect. SO2
 
high levels in the air can cause damage to the 
material. Several studies have been done to find out that SO2 
can cause metallic rusting, weathering of rocks, and the 
formation of stains on buildings. The presence of SO2
 
in the 
air could also cause acid rain [6], [7]. For knowing SO2 
concentration of roadside area, sampling can be done with 
certain sampling equipment with a fairly expensive cost. The 
second thing that can be done is to use a model, so that it 
does not need the equipment to find out the air quality due to 
SO2. Currently, there are not many models that can be used 
to determine SO2 concentration. This study aims to 
determine the model that can be used to predict the amount 
of SO2 concentration in the roadside area. 
II. MATERIAL AND METHOD 
Primary data collected includes meteorological 
conditions, SO2 concentrations, and traffic characteristics. 
Meteorological conditions measured and tools used in this 
study were temperature (K) and air pressure (mmHg) using 
pocket weatherman, wind speed using an anemometer, and 
wind direction using compass. The sampling for SO2 
concentrations was done for 1 hour for each sampling point, 
which amounted to 25 points with a sampling point location 













Fig. 1 The Road Number for Sampling Points 
 
Sampling and laboratory SO2 gas analysis steps were 
adjusted [8] to the method of SO2 concentration by the 
pararosaniline method using a spectrophotometer. In this 
method, the gas of SO2 is absorbed in a solution of 
tetrachloromercurate absorber (TCM) and form complex 
dichlorosulfonatomercurate compounds. This method adds a 
solution of pararosaniline and formaldehyde into the 
dichlorosulfonatomercurate compound. Next step is form a 
purple pararosaniline methyl sulphonate compound. Finally, 
the concentration of the solution is measured at a wavelength 
of 550 nm. 
Traffic characteristics measurement was conducted in 
conjunction with measuring SO2 concentration. Besides, 
measurement of traffic characteristics were also conducted 
for mapping the 40 predicted SO2. Measurement of traffic 
characteristics for mapping SO2 at 40 monitoring sites for 1 
hour started at 17.00. Traffic characteristic at 17.00 was used 
to predict the concentration of SO2 pollutants at those 
locations by using the model obtained from the SO2 
concentration relationship with traffic characteristics and 
meteorological conditions. SO2 dispersion modeled using 
regression analysis. Traffic characteristics measured were 
vehicle volume, vehicle speed, and traffic density. 
Measurement of vehicle numbers when was done manually 
in the sampling point use counter. Measurement of vehicle 
number when mapping was done using a counter and video 
camera. 
III. RESULT AND DISCUSSION 
A. Traffic Characteristics and Meteorological Conditions 
Traffic characteristics and meteorological conditions 
include traffic volume, traffic speed, traffic density and wind 
speed [9]. Traffic volume is the actual number of vehicles 
observed or estimated through a point over a given time 
range. Traffic volume units are expressed in units of 
passenger cars (pcu)/hour. Traffic speed is defined as a rate 
of movement, such as distance per unit time (km/h). Traffic 
density is defined as the number of vehicles occupying a 
certain length of lane or road and averaged over time. The 
number of traffic volume, traffic speed, traffic density, and 
wind speed counted, can be seen in Figures 2, 3, 4, and 5. 
Fig. 2 shows the varying traffic volumes at the study sites. 
The highest traffic volume is at the sampling site 19, which 
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is 4,265.15 pcu/h. The lowest traffic volume is at the 
sampling site 4, which is 673.8 pcu/h. 
 
 
Fig. 2 Traffic Volume 
 
Fig. 3 shows the speed of traffic at the study site. Traffic 
speeds vary from 20.4 km/h to 46.4 km/h. 
 
 
Fig. 3 Traffic Speed 
 
 
Fig. 4 Traffic Density 
 
Fig. 4 shows the traffic density at the study site. Traffic 
volume and traffic speed can determine traffic density. The 
highest traffic density was at the sampling site 19 is 199.32 
pcu/km. The lowest traffic density was found in the 
sampling location 4, which reached 14.91 pcu/km. This 




Fig. 5 Wind Speed 
Based on Fig. 5, the measured wind speed when 
conducting the sampling varies greatly. The measured wind 
speed range is 0.04 m/s - 1.76 m/s. This wind speed range is 
quite close to wind speed range in Padang city in 2015 [10], 
namely 0.0 m/s - 1.25 m/s. 
B. SO2 concentrations and comparison with the National 
Air Quality Standard  
The values of SO2 concentration measurement can be 
seen in Figure 6. The highest SO2 concentration was found 
on point 23 at 301.17 µg/Nm³, while the lowest 
concentration on point 4 at 31.42 µg/Nm³. Based on the 
National Air Quality Standard No. 41/1999 on Air Pollution 
Control, the maximum concentration of SO2 pollutants in 
ambient air that can be tolerated is 900 µg/Nm³ for the time 
measurement of 1 hour. The comparison between SO2 
concentrations and the ambient air quality standard can be 
seen in Fig. 6. The SO2 concentration does not exceed the 
standard value. So it can be stated that SO2 concentration in 
Padang City is not harmful to health. However, according to 
EU’s ambient air quality standards are detailed in Directive 
2008/50/EC, the maximum concentration of SO2 pollutants 
in ambient air is 350 µg/Nm³ for 1-hour measurement. 
Meanwhile, US-EPA gives limit 75 ppb (196.5 µg/Nm³) for 
a 1-hour measurement of SO2. So, there are some sampling 
points that exceed the quality standard of US-EPA.  
 
 
Fig. 6 SO2 concentrations and national air quality standard 
C. Correlation Analysis of SO2 concentrations with traffic 
characteristics and wind speed 
Traffic volume is one of the traffic characteristics that has 
a relationship with air pollutant concentrations [11]-[15]. 
The correlation between SO2 gas concentration and total 
vehicle volume can be seen in Fig. 7. 
 
 
Fig. 7 Correlation between SO2 concentration and traffic volume 
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Based on Fig. 7, the value of determination coefficient 
(R2) obtained was equal at 0.676. These shows that traffic 
volume effect SO2 concentration is 67 %. The value of 
correlation coefficient (r) obtained was equal at 0.822. The 
value of coefficient correlation indicates that traffic volume 
has very strong correlation with SO2 concentration.  
 
 
Fig. 8 Correlation between SO2 Concentration and Traffic Speed 
 
Fig. 8 shows the correlation between SO2 concentration 
and traffic speed. The coefficient of determination (R2) 
between SO2 concentration and traffic speed is equal to 
0.4816. The correlation coefficient (r) between SO2 
concentration and traffic speed is 0.6939. The value of 
coefficient correlation indicates that traffic speed has a 
strong correlation with SO2 concentration. The equation 
obtained from the linear regression results showed the 
variable x was negative. These prove that the value of traffic 
speed is inversely proportional to the SO2 concentration. So, 
the higher of traffic speed, the amount of SO2 gas 
concentration is less in the air. 
 
 
Fig. 9 Correlation of SO2 Concentration with Traffic Density 
 
Fig. 9 showed the correlation between SO2 and the traffic 
density. The coefficient of determination (R2) between SO2 
concentration and traffic density is found at 0.6115. This 
indicates that 61% of the SO2 concentration was affected by 
the traffic density. The value of correlation coefficient (r) 
between SO2 concentration and traffic density was equal to 
0.7820. The value of coefficient correlation indicates that 
traffic density has a strong relation with SO2 concentration. 
The equation obtained from the linear regression results 
shows the variable x was positive. This shows that the value 
of traffic density magnitude is directly proportional to the 
SO2 concentration.  
 
 
Fig. 10 Correlation of SO2 Concentration with Wind Speed 
 
In addition to traffic characteristics, meteorological 
conditions also affect SO2 concentration [16]. Fig. 10 shows 
the correlation between SO2 concentration and wind speed. 
The coefficient of determination (R2) between SO2 
concentration and wind speed at 0.107. The value of 
correlation coefficient (r) between SO2 concentration and 
wind speed is 0.3271. The correlation coefficient value 
indicates that wind speed has a weak correlation to SO2 
concentration. The equation obtained from the linear 
regression results shows the variable x was positive. Fig. 10 
shows that the value of wind speed is directly proportional to 
the SO2 concentration value. This correlation should be 
negative [17], [18]. This is probably due to the wind velocity 
that is not very varied, so the traffic characteristics more 
influence SO2 concentration. In addition, wind speed affects 
the spread of air pollutants [19], where increased wind speed 
will increase concentration spreading [20], [21].  
D. SO2 Concentration Modelling 
SO2 concentration modelling was done by looking at the 
correlation between pollutant concentration and influencing 
factors, such as traffic characteristics and meteorological 
conditions [22]. SO2 concentration modelling showed 
relationship SO2 concentration with traffic characteristics 
and meteorological conditions. Modelling of ambient air 
pollutant concentration can use several ways, such as by 
regression analysis [23], Gaussian model [24], artificial 
intelligent techniques [25], High resolution multi-scale air 
quality modelling [26]. In this study, models were made 
using multiple regression models [9], [27]. It can be seen in 
Table 1. 
TABLE I 
SO2 CONCENTRATION MODELS  
Model Equation R 
A CSO2 = 0.082V+2.433Vv+34.291Vw–123.994 0.829 
B CSO2 = 0.070V + 0.452Vv – 13.261 0.823 
C CSO2 = 0.064V + 20.506Vw + 1.674 0.831 
D CSO2 = 1.072D + 21.845Vw + 55.508 0.794 
where: CSO2 = SO2 concentration (µg/Nm³) 
  V       = traffic volume (pcu/hour) 
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  Vv  = mean speed of vehicles  
  Vw = wind speed (m/s) 
  D  = traffic density (pcu/km) 
 R        = coefficient of correlation 
E. Validation of SO2 Concentration Model 
Validation is the process of determining the degree to 
which a model is an accurate representation of the real world 
from the perspective of the intended uses of the model [28]. 
The validations were aimed to test whether the model can 
produce similar results to the measured data. Validations of 
the model were conducted using the measured data and 
verified using statistical analysis.  
In this study validation was carried out on model C which 
had the greatest correlation (R) value. Validation is 
performed statistically using the t-test. The t-test is a type of 
statistical test to determine whether there is a difference 
from the estimated value with the value of the statistical 
calculation. The testing criteria are the initial hypothesis 
(Ho), that is there is no difference from the factors 
investigated, accepted if t-count <t-table. The results of the t-
test can be seen in Table 2.  
TABLE II 
VALIDATION TEST OF SO2 REGRESSION MODEL 
Model t-count |t-count| t-table 
C 0.055 0.055 2.776 
 
The t-test calculation in Table 2 uses a 95% confidence 
level and α = 0.05. Table 2 shows the absolute value of t-
count is smaller than the value of t-table. This means that the 
SO2 regression model does not have a significant difference 
between the model and the measurement results. This means 
that the model is statistically valid and can be used to predict 
SO2 concentration due to traffic. 
F. Concentration Mapping of SO2 
The map of SO2 gas dispersion created is SO2 
concentration that were obtained using model C. Model C 
was used because it has the greatest R value. For more 
details, the predicted concentrations in 40 monitoring points 
can be seen in Fig. 11.  
 
Fig. 11 The Predicted SO2 Concentrations 
 
The highest SO2 concentration is approximately greater 
than 200 μg/Nm3. The red color indicates this concentration 
range. The location showed by the color is the primary 
arterial road, which is connecting the national activity and 
regional activity centers. The road is a high enough traffic 






























Fig. 12 SO2 Dispersion 
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IV. CONCLUSION 
Based on this research, it can be concluded that the traffic 
volume, traffic density, traffic speed and wind speed effect 
SO2 concentration on the roadside area.  Traffic volume and 
traffic density have positive correlation with SO2 
concentration in which the increase of these traffic 
characteristics will increase SO2 concentrations on the 
roadside area. On the contrary, traffic speed has negative 
correlation with SO2 concentrations where the increase of 
traffic speed will decrease SO2 concentrations on the 
roadside area. Meanwhile, a weak correlation occurs 
between wind speed and SO2 concentrations. It is caused by 
the low variation of wind speeds while the data collections. 
The SO2 concentration model has resulted from the 
relationship of traffic density and wind speed with SO2 
concentrations, which has a good correlation between them. 
The validation test showed that the model is statistically 
valid and can be used to predict SO2 concentration due to 
transport sector. 
ACKNOWLEDGMENT 
This study was funded by Directorate General of Higher 
Education Ministry Research, Technology and Higher 
Education (Kemenristek Dikti) in PUPT, under contract No. 
14/UN.16.17/PP.UPT/LPPM/2017 (for developing the 
statistical model) and No. 050 / SP2H / LT / DRPM / 2018 
(for validating the statistical model). 
REFERENCES 
[1] Central Bureau of Statistics of Padang (CBSP), Padang in Figures 
2015, Padang. 2015. 
[2] Wang, G., Bai, S., Ogden, J.M., Identifying contributions of on-road 
motor vehicles to urban air pollution using travel demand model 
data, Transp.Res. Part D Transp. Environ, 14, pp. 168-179, 2009. 
[3] Adon, M., Yoboue, V., Lacaux, C.G., Liousse, C., Diop, B., 
Doumbia, E.H.T., Gardrat, E., Ndiaye, S.A., Jarnot, C.,  
Measurements of NO2, SO2, NH3, HNO3 and O3 in West African 
Urban Environments, Atmospheric Environment, 135, pp. 31-40, 
2016. 
[4] Chiang, T.Y., Yuan, T.H., Shie, R.H., Chen, C.F., Chan, C.C., 
Increased incidence of allergic rhinitis, bronchitis and asthma, in 
children living near a petrochemical complex with SO2 pollution, 
Environ. Int., 96, pp.1-7, 2016.  
[5] Linn, w.S., Shamoo, D.A., Spier, C.E., Valencia, L.. M., Anzar, U.T., 
Venet, T.G., Hackney, J.D. Respiratory effects of 0.75 ppm sulfur 
dioxide in exercising asthmatics: Influence of Upper-respiratory 
defenses, Environmental Research, 30, 2, pp.340-348, 1983. 
[6] Nuhoglu, Y., Oguz, E., Uslu, H., Ozbek, A., Ipekoglu, B., Ocak, I., 
Hasenekoglu, I., The accelerating effects of the microorganisms on 
biodeterioration of stone monuments under air pollution and 
continental-cold climatic conditions in Erzurum, Turkey, Sci. Total 
Environ. 364, pp. 272-283, 2006. 
[7] Sudalma, S., Purwanto, P., Santoso, L.W., The effect of SO2 dan 
NO2 from transportation and stationary emissions sources to SO42- 
and NO3- in rain water in Semarang, Procedia Environmental 
Sciences, 23, pp. 247-252, 2015. 
[8] Indonesian National Standard 19-7119.7-2005, Ambient Air - Part 7: 
How to Test Sulfur Dioxide Level (SO2) by Pararosaniline Method 
Using Spectrophotometer, 2005. 
[9] Bachtiar, V.S., Purnawan, Afrianita, R., and Ritonga, S.H., 
Modelling of NO2 Dispersion based on Receptor Position Due to 
Transport Sector in Padang City, Indonesia. Journal of 
Environmental Science and Technology, 10 (5), pp. 258-267, 2017 
[10] Bachtiar, V.S., Ruslinda, Y., Wangsa, D., Kurniawan, E., Mapping of 
PM 10 Concentrations and Metal Source Identifications in Air 
Ambient at Surrounding Area of Padang Cement Factory, Journal of 
Environmental Science and Technology, 9(5), pp. 390-398, 2016. 
[11] Bachtiar, V.S., Raharjo, S., Ruslinda, Y., Hayati, F., Komala, D.R., 
Mapping of Ozone Gas (O3) Concentrations in Padang City, 
Procedia Engineering, 125, pp. 291-297, 2015     
[12] Bachtiar, V.S., Purnawan, Ammar, M., Diurnal Variation of 
Tropospheric Ozone (O3) and Its Precursors (CO and NO2) due to 
Transportation Activity in the Roadside Areas in Padang City, 
Indonesia, ARPN Journal of Engineering and Applied Sciences, 
12(24), pp. 7012-7023, 2017     
[13] Bachtiar, V.S., Purnawan, P., Afrianita, R., Dahlia, N., Effect of Wind 
Angle Direction on Carbon Monoxide (CO) Concentration 
Dispersion on Traffic Flow in Padang City, IOP Conf. Series: 
Material Science and Engineering, 288, 2017. 
http://iopscience.iop.org/issue/1757-899X/288/1 
[14] Bachtiar, V.S., Purnawan, P., Afrianita, R., Randa, A., Validation of 
CO dispersion model due to the road position on the dominant wind 
direction on transport sector, Matec Web of Conferences, 197 2018. 
[15] Mishra, R.K., Shukla, A., Parida, M., Pandey, G., Urban Roadside 
Monitoring and Prediction of CO, NO2 and SO2 Dispersion from 
on-Road Vehicles in Megacity Delhi, Transportation Research Part D 
Transport Environment, 46, pp. 157-165, 2016     
[16] Chalkins, C., Ge, C., Wang, J., Effects of meteorological conditions 
on sulfur dioxide air pollution in the North China plain during 
winters of 2006-2015, Atmospheric Environment, 147, pp.296-309, 
2016.  
[17] Xue, D., Yin, J., Meteorological influence on predicting surface SO2 
concentration from satellite remote sensing in Shanghai, China, 
Environmental Monitoring and Assessment, 186, pp.2895-2906, 
2013. 
[18] Chen, J., Wang, W., Zhang, J., Liu, H., Ren, L., Liu, X., Zhang, W., 
Wang, X., Characteristics of gaseous pollutants near a main traffic 
line in Beijing and its influencing factors, Atmospheric Research, 
94(3), pp. 470-480, 2009. 
[19] Xu, J., Yan, F., Xie, Y., Wang, F., Wu, J., Fu, Q., Impact of 
meteorological conditions on a nine-day particulate matter pollution 
event observed in December 2013, Shanghai, China, Particuology 20, 
pp. 69-79, 2015. 
[20] Jones, A., Harrison, R., & Baker, J., The wind speed dependence of 
the concentrations of airborne particulate matter and NOx, 
Atmospheric Environment, 44, pp. 1682–1690, 2010. 
[21] Xu, W., Zhao, C., Ran, L., Deng, Z., Liu, P., Ma, N., Characteristics 
of pollutions and their correlation to meteorological conditions at a 
sub-urban site in the North China Plain. Atmospheric Chemistry and 
Physics, 11, pp.4353-4369, 2011. 
[22] Hulsmann, F., Gerike, R., Ketzel, M., Modelling traffic and air 
pollution in an integrated approach – the case of Munich. Urban 
Climate, 10 Part 4, pp.732-744, 2014. 
[23] Vlachokostas, C, Achillas, C., Chourdakis, E., Moussiopoulos, N., 
Combining regression analysis and air quality modelling to predict 
benzene concentration levels, Atmospheric Environment, 45(15), pp. 
2585-2592, 2011. 
[24] Borrego, C., Amorim, J.H., Tchepel, O., Dias, D., Rafael, S., Sa, E., 
Pimentel, C., Fontes, T., Fernandes, P., Pereira, S.R., Bandeira, J.M., 
Coelho, M.C., Urban scale air quality modelling using detailed 
traffic emissions estimates, Atmospheric Environment, 131, pp. 341-
351, 2016. 
[25] Taylan, O., Modelling and analysis of ozone concentration by 
artificial intelligent techniques for estimating air quality, 
Atmospheric Environment, 150, pp. 356-365, 2017. 
[26] Jensen, S.S., Ketzel, M., Becker, T., Christensen J., Brandt, J., 
Plejdrup, M., Winther, M., Nielsen, O.K., Hertel, O., Ellermann, T., 
High resolution multi-scale air quality modelling for all streets in 
Denmark, Transportation Research Part D: Transport and 
Environment, 52(A), pp. 322-339, 2017. 
[27] Huang, Y.K., Luvsan, M.E., Gombojav, E., Ochir, J.B., Chan, C.C., 
Land use patterns and SO2 and NO2 pollution in Ulaanbaatar, 
Mongolia, Environmental Research, 124, pp. 1-6, 2013.  
[28] Thacker, B.H., Doebling, S.W., Hemez, F.M., Anderson, M.C., Pepin, 
J.E., Rodriguez, E.A., Concepts of Model Verification and Validation, 
Los Alamos, National Laboratory, 2004.  
 
857
